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o Key component of concordance

4 cosmology

" ® |n future — nature of dark energy,

prlmordlal hon- Gau55|an|ty, galaxy
formatlon and evolutlon ~
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- N®-Order Correlation Functions

® N-point angular correlation function, wy:

e Given a random object in.a location, w2(60)

~ likelihood that another object-will be found . g

- at distance O+A0 -

o w3(D,01,02) I|I<eI|hood of ﬁndlng object at
distance 01+A6 and another object at
05+A0 W|th vertexes making angle q5+Ad5
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- N*-Order Correlation Functions
e Overden5|ty, 6 = <N> - 1

"® N- pomt angular correlatlen functlon a)N

: owy () = <5 5 iy w3(¢,91>92) = (0:0;0k), ...

* N- -point area averaged angular galaxy
- correlation functlon WN:
o 0w (8) =40™)., aw(8) = =55
. . Wa
- ® For gaUSS|an denS|ty f‘eld h|gher-order
~terms vanlsh ' |




s ngher-Order Correlatlons

® Gaussian or nearly GaUSS|an

- density field evolves under . .
- - gravitational collapse

- ® non-linear PT with CDM
model predicts hierarchy in. -
SN ' |

10

. ® Measurements generally R (Mpe 1)

Gaztanaga & Frieman (1994)

agree with theory



S Higher_c)rder__Correlations

10’-3 18 <r < 19

® Gaussian or nearly Gaussian [
-~ density field evolves under . i
- gravitational collapse
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SN ' |

~ ® Measurements generally
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*  Modeling wn
e Given Smith et all'(2.0.0h3)-'P(k):- '

T

wo prr(0) = = /O - (Cg:)QH(z)dz /O Pk, ) Jo [k () kdk

C

saom® =7 [ (‘fjv) HE: [ Pl W k() kdh

C

s par(0) = 6 (f)z /OOO (C;—]Z)?)H2(z)dz x [(75 (/OOO kdkP(k,z)WgD[kex(z)])

2

C

+% /0 h kdkP(k, z) W2, [k6x(2)] /O N dekP(k,Z)W2D[k‘9X(Z>]W2/D[k9X(z)]:|

Jl(az)

i

WQD (.23) = 2

‘® Canalso u_éé HOD to find Pg;zl(k,.Z) ;e e




St e Bias

- @ Bias relates galaxy cIusterlng to dark matter
cIusterlng | |

. ® Local bias m'odel° .

% =3 = F(Spp) = R bl(SDM + 0.5b28%y + 0(5DM) |
5DM = by 0y —2by 35252 + 0(53) '

@ For Teq e 1()h 1Mpc and Co = 192/51 .

w2 — b1w2 DM |
83 = b_ (83,])1\/[. —|—'362)



Correlatlon Functlons

e Two main pursujts:

1) Study galaxies themselves .
- 2) Measure cosmological parameters
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Correlatlon Functlons*

‘e Two main pursuits:
1) Study galaxies themselves
- 2) Measure cosmological parameters

e Doing one usually requwes assumptlons about
" theé other - - |
‘Mass scale of HOD s dependent on-
cosmology
LRG analysis requires I<now|edge of Iarge-
scale clusterlng vs. matter
o Higher-order correlations prowde extra -
constraints, allowing less assumptions, more self-
consrstent measurements



_ C'sf

03 is the rims mass quctuatlon at 8 il Mpc et
Opm % 0350 by « 1/0g -

This makes it nuisance parameter for 2 pomt
' measurements |

WMAP: o3 —()92+O 10 —)0744+8gg —)0796
, +OO36



* . Measuring Ot
. @ Addlng in"3-point measurements offers extra
constraint and-thus ability to caIcuIate Os

.® One method: |
® Measure s3 for galaxies, determine c2(0s) -

@ Turn dgto (5DM with assumed b1 and b», measure
- corrected . match to model oy, DM, )'lelds
separate cz(ag)



Testlng on Mlllennlum
Slmulatlon

e M,<-23and B-R> 14
from Blalzot et al. (2005)

o Found 08 = 0.898 + 0.062_

. '(]npu.t is U = 0.9)




" . $DSS LRG Catalog
‘e SDSS DR5 LRGs with MegaZ-LRG color cuits

. (Collister et at.2007) and ANNZ for photozs
-~ and star/galaxy separation. . -

@ Over 1.6 million LRGs with 0.4 <z< 07and‘ iy |
medlan redshift of 0.52 s

e Spll.f into three distinct redshift rahges with
" .. median redshifts of 0.47,0.53,and 0.6



v LRG R.esu'lts

Ross et al. (2008)
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_. LRG Results

. Measured oz = 0. 4o RER
o 0.08 0.80 % 0.09, and
0. 80 0.09 -

| Comblne for . 08 = O 79
+ (. 05

Find by = 147+ 0.09,
165 0.09, 1.80 £0.10

C2 = .0.09 T 0.04,;0.09::: .
10.05;0.09 + 0.03




- "Cl'usteringby Color
. ® Red (early type) gaIaX|es more clustered |

than blue (Iate type) gaIaX|es

® Early-types found in cIusters more late-
types in field | | '

@ b, b much Iarger for éarIY-type '

0 Blue galaxies mcreasmgly more clustered
- with redshift -

@ Downsmng -
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 +Clustering by Color

0

Late-tA:pe . Early-Atype
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ngher-orcler
Clusterlng by Color

~® SDSS DR5 galaxies
- separated by u-r =
2.2 ' '

' Upturn in wNat
: smaII scales
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Redshlft Evolutlon

719 Galaxies taken from
SDSS DR5 photoz M.
- <.-20.5 '

. Huge differences in
small-scale clustering.
.of late-types with z
-® Bias changes from
bl, 62 — 1 04 £ 0. 02, —0.83 :.: 0.21
to by, cp = 1.25, 4 0.02,-0.38 £ 0.30




-+ Redshift Evolution
@ Galaxies taken from -

SDSS DR5 photoz M.
- <.-20.5 '

. Huge differences in
~ small-scale clustering. §§
- .of late-types withz
-® Bias changes from
| bl, 62.: 104 + 0.02, —0.83 T 0.21
to b1,c0 = 1.25+0.02, =0.38 = 0.30




‘e HOD model SRR

,@ — 2z<0.3
M /My, e
(N. | M) =0.5 (l—l—erf (Q» s
O-CU
M/M., 7
(N, | M) = 0.5 (1 + erf (#)) x (M/My)® 2
O-CU ~
t °
—lo -
<N ’ M>lat€ B <N ‘ M> 8 cheXp ( glO( 1018 1014

Halo Mass (M/(hMy))

03<z<04

- ’ -

« All Galaxies
« Late-type Galaxies
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Futu re Su rveys

, @ Pan STARRs

®  3/4 night sky to g~ 23
® [200deg’toz~ |.5

® in calibration mode

. e .SDSS ill - BOSS

® ~|.5 million’ LRGs with O4<z<07

e DES - | '
‘e ~5000 deg Lo 7 ~ I |

'y LSST

e Half the' nlght sky, 10 billion gaIaX|es'
e (Flrst light 20|4) |
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(Hopeful) Future of Nth. Order
Correlation Functions

o ngher-order measurements become -
|ntegral | ' : |

® Data, computing, human resources exist
@ Combined with 2-point, better
" constraints, more seIf—conS|stency =
better science YR

o Challenges
e Urging patience and collaboratlon

% K Incorporatlng HOD. in higher-order’
~ modeling (heavy I|ft|ng done in Smith et al.

.2008)



o Talk thro.ugh'-out'l.ou'cl '



